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(57) ABSTRACT 

The methods, devices, and systems are provided for per 
forming endovascular repair of atrioventricular and other 
cardiac valves in the heart. Regurgitation of an atrioven 
tricular valve, particularly a mitral valve, can be repaired by 
modifying a tissue structure selected from the valve leaflets, 
the valve annulus, the valve chordae, and the papillary 
muscles. These structures may be modified by Suturing, 
Stapling, Snaring, or shortening, using interventional tools 
which are introduced to a heart chamber. The tissue struc 
tures can be temporarily modified prior to permanent modi 
fication. For example, opposed valve leaflets may be tem 
porarily grasped and held into position prior to permanent 
attachment. In one aspect, a structure is deployed in a gutter 
region of the valve annulus to modify the shape of the valve. 
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DEVICE AND METHODS FOR ENDOSCOPC 
ANNULOPLASTY 

REFERENCE TO PRIORITY DOCUMENT 

0001. This application claims priority of co-pending U.S. 
Provisional Patent Application Ser. No. 60/674,931 entitled 
DEVICE AND METHODS FOR ENDOSCOPIC ANNU 
LOPLASTY', filed Apr. 25, 2005. Priority of the aforemen 
tioned filing dates is hereby claimed, and the disclosure of 
the Provisional Patent Application is hereby incorporated by 
reference in their entirety. 
0002 This application is a continuation-in-part of U.S. 
application Ser. No. 10/820,581 entitled “METHODS AND 
APPARATUS FOR CARDIAC VALUE REPAIR', filed 
Apr. 7, 2004, which is a continuation of U.S. patent appli 
cation Ser. No. 10/635,776, filed Aug. 5, 2003, which is a 
continuation of U.S. patent application Ser. No. 09/544.930, 
filed Apr. 7, 2000, now U.S. Pat. No. 6,629,534, which 
claimed the benefit under 35 U.S.C. 119(e) of U.S. Provi 
sional Patent Application No. 60/128,690, filed on Apr. 9. 
1999 under 37 CFR 1.78(a). The full disclosures of the 
aforementioned applications are incorporated herein by ref 
CCC. 

BACKGROUND 

0003. The present disclosure relates generally to medical 
methods, devices, and systems. In particular, the present 
disclosure relates to methods, devices, and systems for the 
endovascular or minimally invasive Surgical repair of the 
atrioventricular valves of the heart, particularly the mitral 
valve. 

0004 Mitral valve regurgitation is characterized by ret 
rograde flow from the left ventricle of a heart through an 
incompetent mitral valve into the left atrium. During a 
normal cycle of heart contraction (systole), the mitral valve 
acts as a check valve to prevent flow of oxygenated blood 
back into the left atrium. In this way, the oxygenated blood 
is pumped into the aorta through the aortic valve. Regurgi 
tation of the valve can significantly decrease the pumping 
efficiency of the heart, placing the patient at risk of severe, 
progressive heart failure. 
0005 Mitral valve regurgitation can result from a number 
of different mechanical defects in the mitral valve. The valve 
leaflets, the valve chordae which connect the leaflets to the 
papillary muscles, or the papillary muscles themselves may 
be damaged or otherwise dysfunctional. Commonly, the 
valve annulus may be damaged, dilated, or weakened lim 
iting the ability of the mitral valve to close adequately 
against the high pressures of the left ventricle. 
0006 The most common treatments for mitral valve 
regurgitation rely on valve replacement or strengthening of 
the valve annulus by implanting a mechanical Support ring 
or other structure. The latter is generally referred to as valve 
annuloplasty. A recent technique for mitral valve repair 
which relies on Suturing adjacent segments of the opposed 
valve leaflets together is referred to as the “bow-tie' or 
"edge-to-edge' technique. While all these techniques can be 
very effective, they usually rely on open heart surgery where 
the patient’s chest is opened, typically via a sternotomy, and 
the patient placed on cardiopulmonary bypass. The need to 
both open the chest and place the patient on bypass is 
traumatic and has associated morbidity. 
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0007 For these reasons, it would be desirable to provide 
alternative and additional methods, devices, and systems for 
performing the repair of mitral and other cardiac valves, 
including the tricuspid valve which is the other atrioven 
tricular valve. Such methods, devices, and systems should 
preferably not require open chest access and be capable of 
being performed endovascularly, i.e., using devices which 
are advanced to the heart from a point in the patients 
vasculature remote from the heart. Still more preferably, the 
methods, devices, and systems should not require that the 
heart be bypassed, although the methods, devices, and 
systems should be useful with patients who are bypassed 
and/or whose heart may be temporarily stopped by drugs or 
other techniques. 

SUMMARY 

0008. The present disclosure provides methods, devices, 
and systems for the endovascular repair of cardiac valves, 
particularly the atrioventricular valves which inhibit back 
flow of blood from a heart ventricle during contraction 
(systole), most particularly the mitral valve between the left 
atrium and the left ventricle. By “endovascular, it is meant 
that the procedure(s) are performed with interventional 
tools, guides, and Supporting catheters and other equipment 
introduced to the heart chambers from the patients arterial 
or venous vasculature remote from the heart. The interven 
tional tools and other equipment may be introduced percu 
taneously, i.e., through an access sheath, or may be intro 
duced via a surgical cut down, and then advanced from the 
remote access site through the vasculature until they reach 
the heart. Thus, the procedures will generally not require 
penetrations made directly through the exterior heart 
muscle, i.e., myocardium, although there may be some 
instances where penetrations will be made interior to the 
heart, e.g., through the interatrial septum to provide for a 
desired access route. While the procedures will usually be 
percutaneous and intravascular, many of the tools will find 
use in minimally invasive and open Surgical procedures as 
well that includes a Surgical incision or port access through 
the heart wall. In particular, the tools for capturing the valve 
leaflets prior to attachment can find use in virtually any type 
of procedure for modifying cardiac valve function. 
0009. Theatrioventricular valves are located at the junc 
tions of the atria and their respective ventricles. The atrio 
ventricular valve between the right atrium and the right 
ventricle has three valve leaflets (cusps) and is referred to as 
the tricuspid or right atrioventricular valve. The atrioven 
tricular valve between the left atrium and the left ventricle 
is a bicuspid valve having only two leaflets (cusps) and is 
generally referred to as the mitral valve. In both cases, the 
valve leaflets are connected to the base of theatrial chamber 
in a region referred to as the valve annulus, and the valve 
leaflets extend generally downwardly from the annulus into 
the associated ventricle. In this way, the valve leaflets open 
during diastole when the heart atria fill with blood, allowing 
the blood to pass into the ventricle. During systole, however, 
the valve leaflets are pushed together and closed to prevent 
back flow of blood into theatria. The lower ends of the valve 
leaflets are connected through tendon-like tissue structures 
called the chordae, which in turn are connected at their lower 
ends to the papillary muscles. Interventions described herein 
may be directed at any one of the leaflets, chordae, annulus, 
or papillary muscles, or combinations thereof. It will be the 
general purpose of Such interventions to modify the manner 
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in which the valve leaflets coapt or close during systole so 
that back flow or regurgitation is minimized or prevented. 
While the procedures will be most useful with theatrioven 
tricular valves, at least some of the tools described herein 
after may be useful in the repair of other cardiac valves, 
including the aortic valve. 
0010. The methods described herein will usually com 
prise accessing a patient’s vasculature at a location remote 
from the heart, advancing an interventional tool through the 
vasculature to a ventricle and/or atrium, and engaging the 
tool against a tissue structure which forms or Supports the 
atrioventricular valve. By engaging the tool against the 
tissue structure, the tissue structure is modified in a manner 
that reduces valve leakage or regurgitation during ventricu 
lar systole. The tissue structure may be any of one or more 
of the group consisting of the valve leaflets, chordae, the 
valve annulus, and the papillary muscles, atrial wall, ven 
tricular wall or adjacent structures. Optionally, the interven 
tional tool will be oriented relative to the atrioventricular 
valve and/or tissue structure prior to engaging the tool 
against the tissue structure. The interventional tool may be 
self-orienting (e.g., pre-shaped) or may include active 
mechanisms to steer, adjust, or otherwise position the tool. 
Alternatively, orientation of the interventional tool may be 
accomplished in whole or in part using a separate guide 
catheter, where the guide catheter may be pre-shaped and/or 
include active steering or other positioning means such as 
those devices set forth in U.S. patent application Ser. No. 
10/441,753 filed May 19, 2003, Ser. No. 10/441,508 filed 
May 19, 2003 and Ser. No. 10/441,687 filed May 19, 2003, 
all of which are expressly incorporated by reference herein. 
In all cases, it will usually be desirable to confirm the 
position prior to engaging the valve leaflets or other tissue 
structures. Such orienting step may comprise positioning the 
tool relative to a line of coaptation in the atrioventricular 
Valve, e.g., engaging positioning elements in the Valve 
commissures and confirming the desired location using a 
variety of imaging means Such as MRI, intracardiac echocar 
diography (ICE), transesophageal echo (TEE), fluoroscopy, 
endoscopy, intravascular ultrasound (IVUS) and the like. 
0011. In a first aspect, the tissue structure comprises the 
valve leaflets and the engaging step comprises attaching one 
or more opposed points on or along the valve leaflets 
together. In the case of the bicuspid mitral valve, the 
attachment points may be located at or near the center of 
each leaflet, creating a generally symmetric structure with 
two openings, i.e., between the attachment point(s) and each 
of the two commissures. Alternatively, the attachment points 
may be close to each of the commissures. Both will effec 
tively reduce the area in which the valve can open. In the 
case of the tricuspid valve, any two of the three leaflets can 
be partially or totally closed together or all three may be 
partially closed together. 

0012. In both cases, the attachment of the valve leaflets 
may be performed in a variety of ways, including Suturing, 
clipping, stapling, riveting, gluing, fusing, or the like. While 
each of these approaches may differ significantly in the 
protocols and devices used for performing them, the end 
result will be the same, i.e., improved ability of the atrio 
Ventricular valve to close against the elevated pressures 
within the ventricle during systole. In order to improve 
apposition of the valve leaflets, it may be preferred to attach 
the leaflets at a point spaced inwardly from the free edge of 
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the leaflet. Usually, the attachment point within the valve 
leaflet will be located from 1 mm to 4 mm inward from the 
free edge. 
0013. It will frequently be desirable to stabilize the 
interventional tool relative to the valve leaflets and other 
heart tissue structures at least some points during the inter 
ventional procedure. In a broad sense, Such stabilization is 
intended primarily to couple motion of the interventional 
tool to the motion of the heart so that the tool may then 
engage the valve leaflets or other target tissue structures with 
minimum differential motion. The stabilization may be 
achieved either through the interventional tool or through a 
guide catheter or other platform which is used to deliver the 
interventional tool. In both cases, stabilization will usually 
be achieved by engaging a tissue structure of the heart, Such 
as the interatrial septum, the atrial wall, the valve annulus, 
the valve chordae, the papillary muscles, or the like. For 
antegrade approaches, immobilization of either the guide 
catheter, the interventional tool, or both relative to the valve 
annulus or valve commissures will be particularly effective. 
For retrograde approaches, immobilization against the pap 
illary muscles, the chordae, or the valve leaflets themselves 
may be particularly effective. Stabilization should be distin 
guished from valve capture which is usually performed after 
the interventional tool and/or guide catheter have been 
stabilized within the heart. Thus, the methods may comprise 
up to four separate steps or phases prior to valve affixation. 
First, the interventional tool and/or guide catheter may be 
positioned, either actively or passively. Second, the inter 
ventional tool and/or guide catheter may be stabilized within 
the heart. Next, the interventional tool may be used to 
capture the valve leaflets. Then, prior to affixation, the valve 
leaflets may be positioned and, if necessary, repositioned in 
order to determine that a particular coaptation and affixation 
are capable of inhibiting the valve regurgitation. Finally, 
once adequate regurgitation inhibition has been confirmed, 
the valve leaflets may be affixed in any of the manners 
described below. 

0014. In a particular approach, the interventional tool 
may be stabilized by mechanically fixing the shape of the 
tool after the tool has been advanced to a position proximate 
the atrioventricular valve. For example, the interventional 
tool can comprise a plurality of linked elements which can 
be locked into place, e.g., a 'goose-neck” device. Such 
mechanically lockable devices may be used by themselves 
or in conjunction with any of the other stabilization devices 
described herein. 

0015. When attaching portions of the valve leaflets 
together, it will frequently be desirable to temporarily cap 
ture the valve leaflets before implementing the final attach 
ment step. For example, the leaflets can be captured using 
forceps or other graspers introduced as part of or separately 
from the interventional tool. After capturing the valve leaf 
lets, flow through the valve can be observed by conventional 
cardiac imaging techniques, such as trans-esophegeal 
echocardiography (TEE), intracardiac echocardiography 
(ICE) or other ultrasonic imaging technique, fluoroscopy, 
angioscopy, catheter based magnetic resonance imaging 
(MRI), computed tomography (CT) and the like. By thus 
observing the flow through the valves, and more importantly 
whether or not back flow or regurgitation continues or has 
been sufficiently inhibited, the desired attachment configu 
ration for the leaflets can be determined. If continued 
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regurgitation is observed, the valve leaflets may be reposi 
tioned and the presence or absence of regurgitation again 
determined. Such repositioning steps may be continued until 
a position is identified in which the regurgitation is Sufi 
ciently inhibited. Additionally, other considerations, such as 
position of the attachment within the leaflet, stress placed on 
the leaflet, and other factors can be visualized before decid 
ing on the final attachment point(s). In a preferred example, 
the valve leaflets may be coapted by a grasping instrument 
which also has a fixation mechanism, such as Stapling, 
Suturing, clipping or riveting as previously described, so that 
once a desirable attachment configuration is temporarily 
achieved, the final attachment can be made using the same 
instrument. Grasping of the valve leaflets can be accom 
plished using articulated graspers, vacuum-assisted grasp 
ers, grasping pins, or other temporary attachment modes as 
described in more detail below. After the leaflets are in the 
desired configuration, they may be permanently secured 
together by any of the techniques described above. 

0016. In a second aspect, the tissue structure comprises 
the chordae and the engaging step comprises linking 
opposed chordae together, i.e., chordae attached to different 
valve leaflets. Usually, the chordae will be partially gathered 
or coupled together using a Suture or other loop structure. In 
some instances it may be desirable to closely tie the chordae 
together at one or more locations. 

0017. In a third aspect, the tissue structure comprises the 
chordae and the engaging step comprises applying energy to 
shorten the chordae. Particular forms of heat energy, most 
particularly radiofrequency energy, have been found to be 
able to modify and shrink collagen so that Supporting 
chordae may be tightened. By applying energy to shorten 
one or more of the chordae attaching either or both (or all 
three in the case of the tricuspid valve) valve leaflets, the 
flow through the atrioventricular valve can be modified and 
regurgitation minimized. In one aspect, the chordae will be 
initially grasped or captured and manipulated to temporarily 
apply tension to the valve leaflets. The effect of such 
temporary shortening can then be visually assessed and, if a 
desired improvement in valve performance is observed, 
energy can be applied to shorten the chordae. In many cases, 
however, it may be preferable to apply a clip, ring, Suture 
loop, or other mechanical element to permanently twist, 
plicate, or otherwise shorten the chordae, as described 
elsewhere herein. 

0018. In a fourth aspect, the tissue structure comprises 
the valve annulus and the engaging step comprises circum 
ferentially tightening or shortening the annulus. In a pre 
ferred technique, the annulus will be strengthened by posi 
tioning and attaching a Supporting structure over the annulus 
in a manner broadly analogous to the open Surgical place 
ment of an annuloplasty ring. Alternatively, the annulus can 
be tightened by Surgical plication techniques, or in some 
instances by shrinking tissue within the annulus by applying 
radiofrequency energy as generally described above in con 
nection with shortening of the chordae. 

0019. In a fifth aspect, the tissue structure comprises the 
papillary muscles and the engaging step comprises capturing 
and drawing opposed points or portions of the papillary 
muscles together. This approach is similar in many respects 
to capture of the chordae, and will generally comprise 
Suturing or otherwise forming a linkage between the 
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opposed portions of the papillary muscles. As with the 
chordae, it will generally not be desirable to fully close the 
papillary muscles together, although in Some instances Such 
an approach may also find use. 

0020. In all the aspects of the method described above, 
the heart will usually remain beating while the interventional 
tool is engaged against the tissue structure. When the heart 
is beating, however, it may be desirable to temporarily stop 
valve action during at least a portion of the procedure, 
particularly to facilitate grasping of the valve leaflets when 
Such a technique is being employed. The valve action can be 
slowed temporarily by decreasing the heart rate with intra 
venous infusion of a beta blocker, Such as esmolol, or can be 
completely stopped for a brief time, e.g., five to ten seconds, 
by infusion of a drug, such as adenosine. Alternatively, the 
valve action can be stopped by temporarily raising the 
pressure in the associated ventricle to a pressure above that 
in the atrium during diastole. While the heart will continue 
to beat, the motion of the valve leaflets opening and closing 
will be stopped to facilitate grasping. As a further alterna 
tive, it will be possible to mechanically restrain the leaflets 
directly or by capturing the chordae, as described in more 
detail below. While such an approach may be effective for 
Some purposes, the difficulty in capturing the valve leaflets 
initially may still be present. 

0021 While the methods described herein are particu 
larly desirable since they permit interventions to occur 
without stopping the heart, they may also be used with 
patients undergoing cardiopulmonary bypass. Such cardiop 
ulmonary bypass can be achieved by any presently available 
technique, including both conventional systems and recently 
developed endovascular bypass systems, such as those avail 
able from Heartport, Inc., Redwood City, Calif. 
0022. During the procedures performed while the heart is 
beating, it will often be desirable to stabilize the interven 
tional tool against one or more cardiac structures prior to 
grasping the leaflets with the interventional tool. Such 
stabilization will lessen the relative motion between the tool 
and the structure. Stabilization mechanisms may be separate 
from or integral with any part of the system or device, 
including but not limited to guidewires, guiding catheters 
and interventional tools. Likewise, the stabilization mecha 
nisms may provide one or more additional functions in the 
tissue modification procedure, Such as steering, orientation 
assessment, grasping, coaptation, adjustment and fixation. 
Therefore, many components in the system may have dual 
purposes. 

0023 Coaptation may be performed by a number of 
methods, Such as capturing the leaflets or by releasably 
capturing the chordae attached to each leaflet. An exemplary 
capture device will comprise a Snare, or a pair of Snares, 
which are advanced through the chordae to capture or 
entangle individual chordae. This Snare or Snares may then 
be tightened to draw the chordae partially together and limit 
valve motion, at least partially. After Such coaptation is 
achieved, the valve leaflets, chordae, papillary muscles, or 
annulus may then be engaged and modified, e.g., the leaflets 
may be attached, using a separate interventional tool, as 
described above and elsewhere herein. Alternatively, it will 
be possible to form a permanent link, bridge, or capture of 
the chordae if the temporary coaptation appears Sufficient to 
repair valve function. In some instances, it may be sufficient 
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to simply detach the Snare or other capture mechanism and 
leave it in place permanently. In other instances, it will be 
possible to exchange the Snare for a more permanent attach 
ment structure, such as a Suture loop or metallic coil. For 
example, once the Snare is in place, if the valve function is 
acceptably repaired, the Snare may be drawn out from the 
chordae through the placement catheter, where the Snare 
pulls a length of Suture in the manner of a needle passing 
through tissue. The suture can then be tied or otherwise 
fastened to form a permanent capture loop for the chordae. 
Alternatively, a separate attachment structure. Such as a 
metal coil, barb, malecot, or the like, may be advanced 
around the Snared chordae to effect permanent capture, 
where a structure will be detached and left in place. 
0024. The methods described above may be performed 
using either antegrade or retrograde endovascular access 
through the vasculature. The following description will 
describe both antegrade and retrograde access approaches 
for gaining access to the mitral valve. Mitral valve access is 
generally more difficult than tricuspid valve access. In a 
retrograde approach, the interventional tool, optional guid 
ing catheter, and any other Supporting devices, will be 
introduced through distal arterial vasculature and over the 
aortic arch and into the left ventricle through the aortic 
valve. Typically, the aortic arch or via a brachial approach 
will be approached through a conventional femoral artery 
access route, but could also be approached through the 
brachial artery, axillary artery, or a carotid artery. When 
entering the left ventricle, the interventional tool will gen 
erally be directed downwardly and away from the mitral 
valve structure. Thus, the interventional tool will usually be 
curved or turned so that it approaches the mitral valve from 
below, usually through the chordae toward the valve annu 
lus. For example, the interventional tool can enter the left 
ventricle through the aortic valve and then be deflected or 
otherwise steered to turn 900 to directly approach the mitral 
valve and chordae. Steering of the tool can be accomplished 
by deflecting a Supporting catheter using pull wires, pre 
formed curved catheters, or the like. In some instances, the 
papillary muscles could be more directly accessed since they 
generally lie below the aortic valve and inline with the tool 
as it enters the left ventricle. 

0025. Often, it will be desirable to position the interven 
tional tool toward the target tissue structure using a pre 
formed and/or steerable guide catheter. In a retrograde 
approach, the guide catheter may be placed from an access 
point, e.g., the femoral artery at the patient’s groin, so that 
it passes over the aortic arch, through the aortic valve, and 
into the left ventricle where it will form an access path to the 
target tissue structure. When the tissue structure is the 
chordae or valve leaflets, the guide catheter will usually have 
to be curved or be everted or turned backward so that it can 
turn the interventional tool around. Additionally, it may be 
desirable to provide for stabilization of the distal end of the 
guide catheter. Stabilization may be provided by extendible 
elements, wires, cages, balloons, or other structures which 
engage the valve annulus, chordae or Ventricular wall por 
tions. Alternatively, two or more stabilizing extensions may 
be provided to project forwardly from the guide catheter and 
seat in the valve commissures to position and hold the guide 
catheter in place. Such extendible elements may also be used 
to stabilize guidewires, interventional tools and other types 
of catheter systems. Specific stabilization structures will be 
described in more detail below. 
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0026. Access for an antegrade endovascular approach 
will be through the inferior vena cava or superior vena cava 
into the right atrium. Such antegrade access may, in itself, be 
sufficient to perform procedures on the tricuspid valve from 
the top of the valve. Such procedures, however, will not be 
described in detail herein. To access the mitral valve, it will 
be necessary to pass from the right atrium into the left 
atrium, typically by passing the tool through the interatrial 
septum. The interatrial septum may be endovascularly pen 
etrated by conventional techniques, typically using a Brock 
enbrough needle, as described in the valvuloplasty literature. 
Once the interatrial septum has been penetrated, the inter 
ventional tool may be passed into the left atrium so that it 
approaches the mitral valve from the top. Such an approach 
will require that the access path turn downward, typically 
through an angle in the range from 0 to 120°. 
0027. The superior vena cava may be accessed through a 
variety of conventional peripheral access sites, such as the 
internal jugular vein, while the inferior vena cava may be 
accessed through the femoral vein. Such access may be 
performed percutaneously or by Surgical cut down tech 
niques. 

0028. As with the retrograde arterial approach, the ante 
grade venous approach may utilize placement of a guide 
catheter. With the use of a guidewire, the guide catheter will 
be configured to pass from the initial access location, 
through either the Superior vena cava or inferior vena cava 
into the right atrium. The guide catheter will then be adapted 
to pass through an interatrial penetration and into the left 
atrium, where it will be pre-shaped or deflected to approach 
the mitral valve from the top. The guidewire, guide catheter 
and/or the interventional catheter which carries the inter 
ventional tool may be steerable and may optionally have 
stabilizing elements. For example, in this specific embodi 
ment, the guide catheter may have two or more laterally 
extensible steering wires and/or a plurality of stabilizing 
arms which project forwardly and seat around the valve 
annulus or commissures to hold the guide catheter in place. 
The interventional tool may then be deployed through the 
guide catheter to perform the desired valve repair technique. 
0029 Systems described herein comprise a guide cath 
eter configured to pass from the remote vasculature of a 
patient to a position within the heart adjacent to a target 
atrioventricular or other cardiac valve. The systems further 
comprise an interventional catheter configured to pass 
through the guide catheter and to engage the atrioventricular 
or other cardiac valve and/or associated cardiac structures 
and an interventional tool on the interventional catheter 
adapted to modify the atrioventricular or other cardiac valve 
leaflets, valve annulus, valve chordae or papillary muscles to 
reduce regurgitation. In particular, the guide catheter can be 
configured for either an antegrade or retrograde approach to 
the mitral valve, as described above. The guide catheter may 
further comprise a stabilizing element for engaging tissue 
within the heart to reduce relative movement between the 
guide catheter and the tissue while the heart remains beating. 
The structure can be any of the cages, wires, or the like, 
which have previously been described in connection with 
the method. Additionally, the interventional catheter may 
also comprise a stabilizing element for engaging a tissue 
structure within the heart to reduce relative motion between 
the interventional catheter and the tissue. The stabilizing 
element can also be an expansible cage, steering wires, or 



US 2007/0038293 A1 

the like and may include vacuum and/or surface finishes to 
enhancing coupling. Specific interventional tools include 
Suturing devices, stapling devices, clip-applying devices, 
radiofrequency electrodes, Surgical adhesive applicators, 
annuloplasty rings, and the like. 

0030. Both the interventional tool and the guide catheter 
may employ stabilizing mechanisms intended to engage a 
tissue structure within the heart to reduce relative movement 
between the interventional tool and/or guide catheter relative 
to the heart, and in particular relative to the atrioventricular 
valve. The stabilization mechanisms in both cases may be 
the same. Typically, the stabilization mechanisms will be 
adapted to engage at least one tissue structure selected from 
the group consisting of the interatrial septum, theatrial wall, 
the valve annulus, the valve commissures, the valve 
chordae, and the papillary muscles. For example, the stabi 
lizing mechanism may comprise one or more extensible 
wires which are deployable radially outwardly to engage the 
tissue structure, such as the valve commissures. Alterna 
tively, the stabilizing mechanism could comprise an expan 
sible cage that can be deployed to occupy all or at least a 
major portion of the atrium above the atrioventricular valve. 
As a still further alternative, the stabilizing mechanism 
could be a pair of inflatable balloons which are spaced-apart 
and adapted to engage the interatrial septum when the 
interventional tool and/or guide catheter are passed there 
through. 

0031. In further specific aspects, the interventional tool 
may comprise a valve leaflet capture device intended for 
temporarily holding the valve leaflets prior to modification, 
e.g., affixation. For example, the valve leaflet capture device 
may comprise a pair of extensible elements which may be 
advanced from a distal end of the interventional tool to 
engage and capture the two mitral valve leaflets or three 
aortic valve leaflets. The particular capture tools may grasp 
the leaflets by pinching, partially or fully penetrating or 
piercing, and/or Suctioning the leaflets. The tools may com 
prise jawed devices, looped devices, coiled devices or 
pronged devices, or vacuum devices to grasp and hold the 
leaflets. 

0032. The present disclosure further provides methods 
for grasping an atrioventricular or other cardiac valve, 
particularly the mitral valve, to facilitate subsequent inter 
vention or for other purposes. The grasping method com 
prises capturing chordae attached to at least one leaflet of the 
valve while the heart is beating. Capture of the chordae from 
beneath the valve can modify leaflet movement and improve 
valve function, optionally closing portions of opposed valve 
leaflets against each other. Usually, chordae attached to 
valve leaflets (or possibly three valve leaflets in the case of 
tricuspid valves) are captured simultaneously. For example, 
one or more Snares, such as helical coils, can be advanced 
into the chordae to capture and immobilize portions thereof. 
Alternatively, a loop element can be advanced through the 
valve chordae and tightened in order to modify valve 
function. In some instances, capture of the chordae can be 
made permanent and will be sufficient to treat the underlying 
regurgitation. In other cases, capture of the chordae will be 
primarily for leaflet coaptation, and the leaflets will be 
affixed by a subsequent interventional step. Preferably, the 
subsequent interventional step is performed while the 
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chordae remain captured. The chordae can then be released 
after the leaflets or other tissue structures have been modi 
fied. 

0033. The present disclosure still further provides a 
chordae capture catheter comprising a catheter body having 
a proximal end and a distal end. Means are provided at or 
near the distal end of the catheter body for capturing the 
chordae. A first exemplary means comprises one or more 
coils which are extensible from the distal end of the catheter 
and which engage and entangle the chordae when they are 
advanced therein. A second exemplary capture means com 
prises a loop element which is extensible from the distal end 
of the catheter and which is pre-formed to pass through the 
chordae on one or both, preferably both valve leaflets in 
order to draw the chordae together and modify valve func 
tion. 

0034. A further method according to the present disclo 
Sure for grasping an atrioventricular or other cardiac valve 
leaflets comprises capturing two valve leaflets separately 
and preferably sequentially. Such capture is effected by a 
leaflet capture catheter having at least three grasping jaws or 
prongs. A first valve leaflet is captured between a first pair 
of prongs, and second valve leaflet is captured between a 
second pair of prongs. Optionally, the two prong pairs can 
have a common center prong, typically where the center 
prong is fixed (immobile) and the two outer prongs pivot in 
order to provide a pair of adjacent jaw-type graspers. By 
separately and sequentially grasping the two leaflets, the 
leaflets can be held in a preferred apposition and the 
improvement in valve function observed. Alternatively, the 
leaflets may be grasped simultaneously. If the improvement 
is adequate, the valves can be permanently affixed in a 
separate step. Optionally, the leaflet capture catheter can 
include a device for fixing the valves, e.g., it can carry a clip 
which can be applied on to the valves as the capture catheter 
is withdrawn. 

0035) The present disclosure still further provides leaflet 
capture catheters Suited for performing the method just 
described. The catheters comprise a catheter body having a 
proximal end and a distal end. A leaflet grasper is provided 
at or near the distal end of the catheter body and includes at 
least three prongs wherein at least two of the three prongs 
are pivotable so that they may be separately actuated to 
separately capture individual leaflets or simultaneously actu 
ated to capture the leaflets together. Optionally, the catheters 
further comprise means for affixing the valve leaflets after 
they have been captured, preferably comprising a clip 
applier. 

0036) The present disclosure further includes leaflet cap 
ture catheters and tools which utilize a vacuum for grasping 
the valve leaflets and manipulating the post leaflets into a 
desired apposition. Usually, the catheter will have at least 
two vacuum channels at a distal end where the channels are 
preferably separately positionable and independently actu 
able. In that way, at least two valve leaflets can be separately 
captured and positioned while the base catheter remains 
stationary. The catheter may be positioned in an antegrade or 
retrograde manner with the tool entering between the valve 
leaflets and optionally between the chordae. The tool and/or 
catheter may optionally further include modification 
devices, such as Suture appliers, clip appliers, Staplers, rivet 
appliers, adhesive applicators, heating elements for short 



US 2007/0038293 A1 

ening the chordae, and others of the specific interventional 
tools described hereinafter. Likewise, the present disclosure 
further includes catheters and tools which include lumens 
for monitoring pressures within the chambers of the heart, 
and/or infusion of radiopaque contrast solution. 
0037. The present disclosure further includes a method of 
modifying a heart valve of a patient. The method comprises 
advancing a catheter through the patient’s vasculature into 
the heart from a vascular access point remote from the heart. 
The catheter has at least one structure releasably coupled 
thereto. The method further comprises deploying the struc 
ture from the catheter into a gutter on a ventricular side of 
annulus of the heart valve, the structure adapted to modify 
the annulus so as to reduce regurgitation in the heart valve; 
and, in combination with deploying the structure, holding 
leaflets of the heart valve together so as to reduce regurgi 
tation in the heart valve. 

0038. The present disclosure further includes a method of 
modifying a heart valve of a patient. The method comprises 
advancing a catheter through the patient’s vasculature into 
the heart from a vascular access point remote from the hear. 
The catheter has an annuloplasty device releasably coupled 
thereto. The method further comprises performing an inter 
vention on a gutter on a ventricular side of the heart valve 
to modify an annulus of the heart valve and reduce regur 
gitation in the heart valve; and in combination with per 
forming an intervention, modifying a spatial relationship 
between a first valve leaflet and a second valve leaflet of the 
heart Valve so as to reduce regurgitation in the heart valve. 

0.039 The details of one or more embodiments are set 
forth in the accompanying drawings and the description 
below. Other features and advantages will be apparent from 
the description and drawings, and from the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0040 FIG. 1 is a schematic illustration of the left ven 
tricle of a heart showing blood flow during systole with 
aOWS. 

0041 FIG. 2 is a schematic illustration of the left ven 
tricle of a heart having prolapsed leaflets in the mitral valve. 

0.042 FIG. 3 is a schematic illustration of a heart in a 
patient Suffering from cardiomyopathy where the heart is 
dilated and the leaflets do not meet. 

0043 FIG.3A shows normal closure of the leaflets, while 
FIG. 3B shows abnormal closure in the dilated heart. 

0044 FIG. 4 illustrates mitral valve regurgitation in the 
left ventricle of a heart having impaired papillary muscles. 

0045 FIG. 5 is a schematic illustration showing direct 
attachment of opposed valve leaflets to reduce valve regur 
gitation. 

0046 FIG. 6 is a schematic illustration showing attach 
ment of valve chordae to treat valve regurgitation. 
0047 FIGS. 7-8 show exemplary antegrade approaches 
to the mitral valve from the venous vasculature. 

0.048 FIGS. 9-10 show exemplary retrograde approaches 
to the mitral valve through the aortic valve and arterial 
vasculature. 
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0049 FIGS. 11-14 illustrate the use of adjustment wires 
for steering capability. 

0050 FIGS. 15A-15D illustrate the use of pre-shaped 
mandrels to steer a component or structure. 
0051 FIGS. 16-20, 21A-21C, and 22A-22B depict vari 
ous orientation assessment tools. 

0052 FIG. 23 is a schematic illustration of an interatrial 
septum stabilization device. 
0053 FIG. 24 is a schematic illustration of a catheter 
shaft designed to provide stabilization against a structure, 
Such as the interatrial septum, or for flexible adjustment and 
locking stability in various positions. 

0054 FIG. 25 is a schematic illustration of an atrial 
stabilization device. 

0.055 FIGS. 26-29 illustrate stabilization mechanisms 
which utilize coupling to the valve annulus. 
0056 FIGS. 30, and 31A-31D illustrate stabilization 
mechanisms which utilize coupling with the valve commis 
sures and/or leaflets. 

0057 FIGS. 32A and 32B illustrate mitral valve stabili 
Zation using Snares for capturing the valve chordae. 
0.058 FIGS. 33A and 33B illustrate an antegrade 
approach for Snaring valve chordae and optionally Suturing 
the chordae together to treat valve regurgitation. 

0059 FIG. 34 illustrates an antegrade approach for snar 
ing valve chordae to stabilize the mitral valve. 
0060 FIGS. 35 and 35A illustrate a snaring catheter 
particularly intended for capturing valve chordae from a 
retrograde approach. 

0061 FIGS. 36A and 36B illustrate use of the catheter 
FIG. 35 for snaring valve chordae. 

0062 FIGS. 37 and 38 illustrate a catheter similar to that 
shown in FIGS. 35 and 35A, except that it includes a 
working channel for introducing interventional catheters and 
tools to treat the mitral or other atrioventricular valve. 

0063 FIGS. 39A and 39B illustrate a coil which can be 
implanted within the valve chordae to stabilize the mitral 
valve. 

0064 FIG. 40 illustrates placement of the coil of FIGS. 
39A and 39B from a retrograde approach. 

0065 FIGS. 41A-41B, 42A-42B and 43 illustrate valve 
leaflet grasping devices which utilizes a pinching method. 

0066 FIGS. 44A-44D are schematic illustrations of an 
atrial-ventricular valve leaflet grasping device which utilizes 
a pinching method. 

0067 FIGS. 45A-45B are schematic illustrations of a 
grasping device which utilizes rollers in a pinching method. 

0068 FIGS. 46A-46B are schematic illustrations of a 
grasping device which utilizes a pair of opposing coils in a 
pinching method. 

0069 FIGS. 47A-D illustrate a pronged valve leaflet 
device which utilizes a pinching, partially penetrating or 
piercing method. 
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0070 FIG. 48 illustrates a vacuum-assisted stabilization 
catheter for use in the methods described herein. 

0071 FIG. 49 illustrates an embodiment of a valve sutur 
ing device. 
0072 FIGS. 49A-49C illustrate an additional embodi 
ment of a valve suturing device. 
0073 FIG.50 illustrates a further embodiment of a valve 
Suturing device. 
0074 FIG. 51 illustrates use of the catheter for capturing 
and Suturing opposed mitral valve leaflets. 
0075 FIG. 52 illustrates the mitral valve leaflets which 
have been secured as shown in FIG. 51. 

0076 FIGS. 53 and 54 illustrate an alternative anchor 
which can be used with the suturing devices. 
0077 FIGS. 55A-55B illustrate the use of an expansible 
anchor in fixation. 

0078 FIGS. 56 and 57 illustrate yet another suturing 
device. 

0079 FIG. 58-illustrates use of the suturing device of 
FIGS. 56 and 57 to place sutures between valve leaflets of 
the mitral valve. 

0080 FIG. 59 illustrates yet another embodiment of a 
Suturing device. 
0081 FIG. 60 illustrates use of the device of FIG. 59 and 
Suturing opposed mitral valve leaflets. 
0082 FIGS. 61A and 61B illustrate a stapling device 
which can be used to staple opposed leaflets of an atrioven 
tricular valve. 

0.083 FIGS. 62A-D are schematic illustrations of fixation 
devices. 

0084 FIG. 63 illustrates an alternative two part fixation 
Stapling device. 
0085 FIG. 64 illustrates use of the stapling device of 
FIG. 63 for stapling opposed valve leaflets of a mitral valve. 
0.086 FIG. 65A-65C are schematic illustrations of coiled 
fixation devices. 

0087 FIG. 66 illustrates use of a self-securing anchor for 
attaching opposed surfaces on the leaflets of the mitral valve. 
0088 FIGS. 66A-66B are schematic illustrations of pen 
etrating fixation devices. 
0089 FIGS. 67 and 68 are schematic illustrations of 
penetrating fixation devices with barb-like distal ends. 
0090 FIGS. 69A-C and 70A-B are schematic illustra 
tions of clips used as fixation devices. 
0091 FIGS. 71, and 72A-72B are schematic illustrations 
of clips involving the use of graspers in the fixation mecha 
nism. 

0092 FIGS. 73A-73C illustrate a three-jaw clip-applier. 
0093 FIG.74 illustrates a clip which has been applied by 
the clip-applier of FIGS. 73A-73C. 
0094 FIG. 75 illustrates a device for applying radiofre 
quency energy to shorten valve chordae. 
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0.095 FIGS. 76, and 77A-77B illustrates devices used to 
plicate and shorten valve chordae. 
0.096 FIG. 78 illustrates a first exemplary approach for 
placing an annuloplasty ring. 
0097 FIGS. 79 and 80 illustrate a second exemplary 
approach for placing an annuloplasty ring. 
0098 FIG. 81 illustrates a method for placing an 
anchored filament about a mitral valve annulus that can be 
used to tighten the annulus. 
0099 FIG. 82 illustrates a method for placing multiple 
sutures about a mitral valve annulus, where the individual 
Suture plicate and tighten the annulus. 
0100 FIGS. 83-85 illustrate an embodiment of an atrial 
device for valve tissue modification. 

0101 FIGS. 86, and 87A-87C illustrate an embodiment 
of an atrial-ventricular device for valve tissue modification. 

0102 FIGS. 88-89, and FIGS. 90A-90B illustrate an 
embodiment of a ventricular device for valve tissue modi 
fication. 

0103 FIG.91 shows a cutaway representation of the left 
ventricle. 

0104 FIGS. 92A and 92B shows an annuloplasty device 
for positioning in a gutter of the left ventricle. 
0105 FIG.93 shows a cutaway representation of the left 
ventricle with the annuloplasty device positioned in the 
gutter. 

0106 FIG. 94 is a cross-sectional view of the heart 
showing the mitral valve, valve leaflets, annulus, and coro 
nary sinus. 

DETAILED DESCRIPTION 

I. CARDIAC PHYSIOLOGY 

0107 The left ventricle LV of a normal heart H in systole 
is illustrated in FIG. 1. The left ventricle LV is contracting 
and blood flows outwardly through the tricuspid (aortic) 
valve AV in the direction of the arrows. Back flow of blood 
or “regurgitation' through the mitral valve MV is prevented 
since the mitral valve is configured as a “check valve' which 
prevents back flow when pressure in the left ventricle is 
higher than that in the left atrium LA. The mitral valve MV 
comprises a pair of leaflets having free edges FE which meet 
evenly to close, as illustrated in FIG. 1. The opposite ends 
of the leaflets LF are attached to the surrounding heart 
structure along an annular region referred to as the annulus 
AN. The free edges FE of the leaflets LF are secured to the 
lower portions of the left ventricle LV through chordae 
tendineae CT (referred to hereinafter as the chordae) which 
include plurality of branching tendons secured over the 
lower surfaces of each of the valve leaflets LF. The chordae 
CT in turn, are attached to the papillary muscles PM which 
extend upwardly from the lower portions of the left ventricle 
and interventricular septum IVS. 
0.108 Referring now to FIGS. 2-4, a number of structural 
defects in the heart can cause mitral valve regurgitation. 
Ruptured chordae RCT, as shown in FIG. 2, can cause a 
valve leaflet LF2 to prolapse since inadequate tension is 
transmitted to the leaflet via the chordae. While the other 
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leaflet LF1 maintains a normal profile, the two valve leaflets 
do not properly meet and leakage from the left ventricle LV 
into the left atrium LA will occur, as shown by the arrow. 
0109 Regurgitation also occurs in the patients suffering 
from cardiomyopathy where the heart is dilated and the 
increased size prevents the valve leaflets LF from meeting 
properly, as shown in FIG. 3. The enlargement of the heart 
causes the mitral annulus to become enlarged, making it 
impossible for the free edges FE to meet during systole. The 
free edges of the anterior and posterior leaflets normally 
meet along a line of coaptation C as shown in FIG. 3A, but 
a significant gap G can be left in patients suffering from 
cardiomyopathy, as shown in FIG. 3B. 
0110 Mitral valve regurgitation can also occur in patients 
who have suffered ischemic heart disease where the func 
tioning of the papillary muscles PM is impaired, as illus 
trated in FIG. 4. As the left ventricle LV contracts during 
systole, the papillary muscles PM do not contract sufficiently 
to effect proper closure. The leaflets LF1 and LF2 then 
prolapse, as illustrated. Leakage again occurs from the left 
ventricle LV to the left atrium LA, as shown by the arrow. 

II. INTERVENTIONAL APPROACHES 

0111. The described methods and devices treat cardiac 
valve regurgitation, particularly mitral valve regurgitation, 
by intervention at various locations. First, as shown in FIG. 
5, the valve leaflets LF may be directly attached or coupled 
to each other by a structure S or other means. Typical 
structures include Suture, staples, clips, pins, or other closure 
devices of a type commonly used in attaching opposed tissue 
Surfaces. Alternatively, the opposed Surfaces on the valve 
leaflets could be attached using adhesives, fusion energy, 
including radiofrequency current, laser energy, microwave, 
ultrasonic energy, or the like. A variety of specific techniques 
for valve leaflet attachment will be described hereinafter. 

0112 A second and often preferred interventional point 
will be in the chordae, as shown in FIG. 6. There, an 
attachment structure S is shown to couple individual chordae 
or tendons which are attached to each of the two leaflets LF. 
A variety of specific structures can be utilized, such as 
Snares, staples, Sutures, coils, clips, Snaps, rivets, adhesives, 
and the like. Opposed chordae will usually also be attached 
directly, optionally employing any of the same structures 
listed above. Alternatively, opposed chordae may be indi 
rectly tied or coupled together by a structure which links or 
couples their movement, but which does not physically 
attach chordae from each of the valve leaflets directly 
together. In addition to attaching the chordae, chordal inter 
vention can include shortening the chordae, e.g., by applying 
energy to shrink the collagen therein, or may utilize 
mechanical plication devices, such as clips, to physically 
shorten the chordae. 

0113 A third interventional point is the annulus AN 
(shown in FIG. 1) of the mitral valve AV. An annuloplasty 
device, such as a ring or a partial ring, can be positioned on 
the annulus to strengthen or re-shape the annulus. Theatrial 
side of the annulus has a smooth, sloping Surface around the 
circumference of the mitral valve. However, it can be 
difficult to secure an annuloplasty device to the smooth 
surface of the atrial side of the annulus. The ventricular side 
of the annulus has a concave, annular “gutter around the 
valve. The gutter provides a location in which an annulo 
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plasty device can be located and held while it is fastened to 
tissue. Thus, percutaneous annuloplasty could be more 
readily attainable by delivering an annuloplasty ring to the 
ventricular side rather than the atrial side of the valve, as 
described more fully below. 

III. ACCESS TO THE MITRAL VALVE 

0114. Access to the mitral valve or other atrioventricular 
valve will preferably be accomplished through the patients 
vasculature in a "percutaneous' manner. By "percutaneous' 
it is meant that a location of the vasculature remote from the 
heart is accessed through the skin, typically using a Surgical 
cut down procedure or a minimally invasive procedure. Such 
as using needle access through, for example, the Seldinger 
technique. The ability to percutaneously access the remote 
vasculature is well-known and described in the patent and 
medical literature. Depending on the point of vascular 
access, the approach to the mitral valve may be “antegrade” 
and require entry into the left atrium by crossing the intera 
trial septum. Alternatively, approach to the mitral valve can 
be “retrograde' where the left ventricle is entered through 
the aortic valve. Once percutaneous access is achieved, the 
interventional tools and Supporting catheter(s) will be 
advanced to the heart intravascularly where they may be 
positioned adjacent the target cardiac valve in a variety of 
manners, as described elsewhere herein. While the methods 
will preferably be percutaneous and intravascular, many of 
the tools described herein will, of course, also be useful for 
performing open Surgical techniques where the heart is 
stopped and the heart valve accessed through the myocardial 
tissue. Many of the tools will also find use in minimally 
invasive procedures where access is achieved thorascopi 
cally and where the heart will usually be stopped but in some 
instances could remain beating. 
0.115. A typical antegrade approach to the mitral valve is 
depicted in FIGS. 7 and 8. The mitral valve MV may be 
accessed by an approach from the inferior vena cava IVC or 
Superior Vena cava SVC, through the right atrium RA, across 
the interatrial septum IAS and into the left atrium LA above 
the mitral valve MV. As shown in FIG. 7, a catheter 10 
having a needle 12 may be advanced from the inferior vena 
cava IVC into the right atrium RA. Once the catheter 10 
reaches the anterior side of the interatrial septum IAS, the 
needle 12 may be advanced so that it penetrates through the 
septum at the fossa ovalis FO or the foramen ovale into the 
left atrium LA. At this point, a guidewire may be exchanged 
for the needle 12 and the catheter 10 withdrawn. 

0116. As shown in FIG. 8, access through the interatrial 
septum IAS will usually be maintained by the placement of 
a guide catheter 14, typically over a guidewire 16 which has 
been placed as described above. The guide catheter 14 
affords Subsequent access to permit introduction of the 
interventional tool(s) which will be used for performing the 
valve or tissue modification, as described in more detail 
below. 

0.117) The antegrade approach to the mitral valve, as just 
described, is advantageous in a number of respects. For 
example, the use of the antegrade approach will usually 
allow for more precise and effective centering and stabili 
zation of the guide catheter and/or interventional tool. Pre 
cise positioning, of course, facilitates accuracy in the tissue 
modification, particularly affixation of the valve leaflets or 
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chordae. The antegrade approach also reduces the risk of 
damaging the Subvalvular apparatus during catheter and 
interventional tool introduction and manipulation. Addition 
ally, the antegrade approach eliminates the risks associated 
with crossing the aortic valve. This is particularly relevant to 
patients with prosthetic aortic valves which cannot be 
crossed. When employing chordal fixation, the tools can be 
placed very close to the free edge of the leaflet since they 
will be removed in a direction away from the chordae which 
are being fixed. Additionally, an antegrade approach allows 
more direct access to the valve leaflets unimpeded by 
presence of the chordae. 
0118. A typical retrograde approach to the mitral valve is 
depicted in FIG. 9. Here the mitral valve MV may be 
accessed by an approach from the aortic arch M, across the 
aortic valve AV, and into the left ventricle below the mitral 
valve MV. The aortic arch AA may be accessed through a 
conventional femoral artery access route, as well as through 
more direct approaches via the brachial artery, axillary 
artery, or a radial or carotid artery. Such access may be 
achieved with the use of a guidewire 42. Once in place, a 
guide catheter 40 may be tracked over the guidewire 42. The 
guide catheter 40 affords Subsequent access to permit intro 
duction of the interventional tool(s) which will be used for 
performing the valve or tissue modification, as described in 
more detail below. 

0119). In some instances, a retrograde arterial approach to 
the mitral valve will be preferred due to its advantages. Use 
of the retrograde approach will eliminate the need for a 
trans-septal puncture. The retrograde approach is also more 
commonly used by cardiologists and thus has the advantage 
of familiarity. Additionally, the retrograde approach pro 
vides more direct access to the chordae. 

0120) The interventional tool(s) used for performing the 
valve or tissue modifications may be specifically designed 
for the approach or they may be interchangeable. For 
example, tools may be specifically designed for an antegrade 
or retrograde approach, or they may be designed to be used 
with either approach. In any case, tools may be used in any 
appropriate fashion to achieve a desired result. However, for 
the sake of clarity, a nomenclature has been developed to 
describe the common usage of Such tools. Tools which 
perform the modification procedure while primarily residing 
primarily in theatrium are referred to as “atrial tools. These 
utilize an antegrade approach. Tools which perform the 
modification procedure while primarily residing in the ven 
tricle are referred to as “ventricular tools, and likewise 
utilize a retrograde approach. Tools which cross over the 
valve to perform the modification procedure, residing in 
both the atrium and the ventricle, are referred to as “atrial 
Ventricular tools, and may utilize either an antegrade or 
retrograde approach. 

IV. ORIENTATION STEERING 

0121 Approaching the desired valve or tissue structure 
for effective treatment, as described above, requires proper 
orientation of the catheters, tools and devices used through 
out the procedure. Such orientation may be accomplished by 
gross steering of the device to the desired location and then 
refined steering of the device components to achieve a 
desired result. 

0122 Gross steering may be accomplished by a number 
of methods. First, a steerable guidewire may be used to 
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introduce a guide catheter, interventional tool and/or treat 
ment device into the proper position. The guide catheter may 
be introduced, for example, using a Surgical cut down or 
Seldinger access to the femoral artery in the patient’s groin. 
After placing a guidewire, the guide catheter may be intro 
duced over the guidewire to the desired position. Alterna 
tively, a shorter and differently shaped guide catheter could 
be introduced through the other routes described above. 
0123 Second, a guide catheter may be pre-shaped to 
provide a desired orientation relative to the mitral valve. For 
example, as shown in FIGS. 9 and 10, guide catheter 40 may 
have a pre-shaped J-tip which is configured so that it turns 
toward the mitral valve MV after it is placed over the aortic 
arch AA and through the aortic valve AV. As shown in FIG. 
9, the guide catheter 40 may be configured to extend down 
into the left ventricle LV and to evert so that the orientation 
of an interventional tool or catheter is more closely aligned 
with the axis of the mitral valve MV. The guide catheter 40 
of FIG. 10 orients an interventional catheter (not shown) in 
a lateral direction relative to the access of the mitral valve 
MV. Each of the guide catheters 40 shown in FIGS. 9 and 10 
may find use under different circumstances. For example, 
the guide catheter 40 of FIG. 10 might be particularly suited 
for introducing tools which modify the chordae CT, while 
the catheter 40 of FIG.9 may be more useful for engaging 
tools against the valve leaflets. As shown in FIG. 9, a 
guidewire 42 may be positioned from the tip of the guide 
catheter 40 directly through the opening of the mitral valve 
MV. Interventional tools can then be directed over the 
guidewire 42 to form the particular procedures described 
hereinafter. Likewise, the interventional tool itself may be 
pre-shaped to provide a desired orientation. 
0.124. Third, the guidewire, guide catheter or interven 
tional tool may be actively deflected, e.g., having push/pull 
wires which permit selective deflection of the distal end in 
1, 2, 3, or 4 directions depending on the number of pull 
wires, having shape memory nitinol, or having balloons, 
wires, wire cages or similar mesh structures to direct the 
device away from a cardiac structure and therefore into a 
desired position, to name a few. 
0.125 Either of the guide catheters 40 shown in FIGS. 9 
or 10 may be provided with steering capabilities. For 
example, two or more adjustment wires 46 may be provided 
at the distal tip of the guide catheter 40 as shown in FIG. 11. 
These adjustment wires may be active or passive, and may 
be positioned within the valve commissures to enhance 
alignment of the guide catheter with the mitral valve MV. As 
shown in FIGS. 12A and 12B, the adjustment wires 46 may 
be positioned in the medial commissure MVC and lateral 
commissure LVC, and the guide catheter 40 may thus be 
moved from a central location, as shown in FIG. 12A to a 
more medial position, as shown in FIG. 12B. The catheter 
could of course also be moved in the lateral direction (not 
shown). The ability to position the guide catheter will be of 
great benefit in performing the specific interventions and 
valve modifications described hereinafter. It will be appre 
ciated that similar steering mechanisms could be provided 
on an interventional catheter introduced through the guide 
catheter, and in Some instances it may be most desirable to 
provide the guidewire, the guide catheter, and the interven 
tional catheter with steering and positioning capabilities. 
0.126 Steering wires 50 on a guide catheter 40 may also 
be provided to engage opposed Surfaces within the left 
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ventricle LV, as shown in FIG. 13. By providing such a 
steering capability, the distal tip of the guide catheter 40 can 
be moved further downward from the mitral valve. Catheter 
40 of FIG. 13 would be particularly useful in combination 
with an interventional catheter which itself has steering 
capabilities which engage portions of the mitral valve. Such 
as the valve commissures as described above. 

0127. As shown in FIG. 14, the guidewire 52 may have 
laterally deflectable steering elements 54 which may be 
positioned in, for example, the valve commissures as 
described previously. This way, the guidewire 52 may be 
positioned toward the medial or lateral sides of the mitral 
valve MV, and an interventional catheter 56 introduced over 
the guidewire to a desired target structure within or Sur 
rounding the mitral valve MV. Providing such a steerable 
and positionable guidewire, it is particularly advantageous 
when it is desired to position the tip of an interventional 
catheter 56 at a region well below the opening of the mitral 
valve. That is, neither the guide catheter nor the interven 
tional catheter have to be advanced fully to the opening of 
the mitral valve, leaving them free to be positioned else 
where. 

0128. In some instances, it will be desirable to introduce 
interventional tools sequentially or simultaneously from 
both the antegrade and retrograde directions. While it will be 
possible to separately introduce guiding catheters and 
guidewires by the approaches described above, in at least 
some instances it may be preferable to pass a single 
guidewire between the Vena cava and the right atrium, 
crossing the interatrial septum as previously described. The 
guidewire may then pass in an antegrade direction through 
the aortic valve, through the ascending and descending 
aorta, and then percutaneously out of the vasculature at a 
location remote from the heart, such as the femoral artery. 
0129. Location of a single guidewire in this manner 
provides a continuous “rail through the heart, allowing 
placement of separate devices in both an antegrade and 
retrograde direction. Additionally, any interaction or coop 
eration between the devices is facilitated since they will 
necessarily advance toward one another in an alignment 
which is controlled and assured by the guidewire, e.g., when 
fully advanced any two devices will necessarily meet. Thus, 
one device would extend inward from the venous side of the 
heart in an anterior antegrade direction to the mitral valve, 
and a second device would enter through the arterial side of 
the heart in a retrograde direction. The two devices would 
then be precisely located relative to each other as they 
approach and optionally meet at or near the mitral valve. In 
a particular example, a stabilizing catheter could be intro 
duced in a retrograde direction to approach the chordae and 
underside of the mitral valve leaflets to provide for tempo 
rary stabilization and/or leaflet coaptation, as generally 
described above. A catheter carrying a fixation device could 
then be advanced in an antegrade direction to approach the 
valve leaflets from above. The second device could then be 
separately actuated to affix the valve leaflets once the proper 
temporary stabilization has been achieved with the first 
device. 

0130 Fourth, the guidewire, guide catheter or interven 
tional tool may be positioned with the use of a floating 
balloon. This may be most useful for use with an antegrade 
approach. The distal balloon of a balloon tipped guidewire 
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or balloon tipped floppy catheter may be inflated and floated 
antegrade through the mitral valve. If the heart is slowly 
beating, blood will be flowing from the left atrium, through 
the mitral valve to the left ventricle. A floating balloon may 
be carried along this flow trajectory, carrying the guidewire 
or catheter with it. The balloon may then be deflated and 
newly placed guidewire or catheter may be utilized as 
desired. 

0131 Fifth, a hollow guidewire, guide catheter or inter 
ventional or other tool may be positioned with the use of a 
rigid, pre-shaped mandrel or insertable member. As shown 
in FIGS. 15A-D, the mandrel 600 may be comprised of wire, 
metal, plastic or any Suitable material that may be formed to 
hold a desired shape 601, such as a bend or bump. The 
mandrel 600 may then be inserted into a lumen in a flexible 
structure 602 to be positioned. Such a structure may be a 
hollow guidewire, guide catheter, interventional tool or any 
other tool or component of a structure. As the shape 601 is 
advanced, the flexible structure 602 conforms to the shape 
601 as it is passed through. This may be utilized to position 
a structure or component of a structure in a desired location 
for later steps in the procedure. 
0.132. It may be appreciated that any of the devices, 
systems and methods used for gross steering may be also be 
applied to refined steering of the device or device compo 
nents to achieve a desired result. In particular, it may be 
desired to independently or dependently manipulate com 
ponents of the interventional tools throughout the procedure. 
Such steering may allow urging of the components relative 
to the leaflets, annulus, atrial wall or other specific cardiac 
structures. This may be achieved with any of the devices or 
methods described above. 

V. ORIENTATIONASSESSMENT 

0.133 Proper orientation of the systems and devices is 
necessary for performing the valve or tissue modification. 
Both the orientation of the devices and the components of 
the devices, in relation to cardiac structures and to each 
other, are of concern. Cardiac structures to which orientation 
is desired may include the atrial walls, interatrial septum, 
valve annulus, valve leaflets, valve commissures, valve 
chordae, papillary muscles and Ventricle walls, to name a 
few. Assessment of the orientation of the components and 
devices may be achieved by a number of mechanisms and 
methodologies. 

0.134) First, orientation may be assessed by tactile feed 
back. Introduction and manipulation of the devices and 
components may allow them to contact cardiac structures or 
other devices. Such contact may guide the devices into 
proper position and relevant orientation. For example, it may 
be possible to tactilely sense the force of the distal end of a 
guidewire, catheter or interventional tool against the leaflets, 
commissures, annulus, chordae, papillary muscles, Ventricu 
lar walls, and/or atrial walls, to name a few. The force may 
be translated along its length to its proximal end to provide 
feedback to the physician or operator. Similarly, sensors may 
be used to achieve a similar result. Additionally, the catheter 
or tool may have a lumen to allow for pressure monitoring. 
This may provide feedback throughout the procedure which 
may indicate the presence and level of mitral regurgitation. 
0.135 Second, orientation may be assessed by visualiza 
tion of the devices and components themselves. The com 
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ponents or the overall system may be modified for enhanced 
echogenic and/or fluoroscopic visibility. Echogenicity of a 
material in a blood medium is dependent on the difference 
in acoustic impedance (product of Velocity of Sound and 
density of the medium through which the sound wave is 
traveling) between the material and blood. Therefore, a thin 
polymer coating on the components or the overall system 
may provide modulation of the acoustic impedance at the 
interface of the component and blood, thereby improving 
echovisibility. Likewise, microscopic air bubbles trapped on 
the Surface or embedded within the coating may also 
improve echovisibility. Similarly, fluoroscopic visibility 
may be improved with radiopaque coatings, radiopaque 
marker bands, or the like. Additionally, a lumen within the 
catheter or tool may be provided to inject radiopaque 
contrast Solution to improve fluoroscopic visibility or Sur 
rounding tissues. In any case, such coatings, markings and 
fluids may provide visualization of the devices and compo 
nents themselves or any structures or elements used through 
out the treatment procedure. Similarly, angioscopic vision 
may be used to access the orientation throughout the pro 
cedure. 

0136. Third, one or more orientation elements may be 
used to assess orientation of the components and/or systems 
in relation to cardiac structures, specifically the target valve. 
Thus, orientation elements may be any structure or feature 
that provides information as to the orientation of the com 
ponent, device or system described herein. The elements 
may be separate from or integral with any part of the system 
or device. They may be removably or fixedly mounted on the 
guidewire, guide catheter, interventional tool and/or other 
device. Likewise, the elements may be components or parts 
of components of the device which provide one or more 
additional functions in the tissue modification procedure, 
Such as stabilization, grasping, coaptation, adjustment or 
fixation. Further the elements may be atrial, ventricular or 
atrial-ventricular devices such that they may or may not 
cross the valve in the orientation assessment process. In 
addition, Such elements may be used to steer and/or orient 
the components and systems prior to or simultaneous with 
aSSeSSment. 

0137 Orientation elements may be in the form of pro 
pellers, wings, petals, arms, loops, and the like. One or more 
of these elements may be present, typically extending radi 
ally from a central shaft. When two elements are present, 
they are commonly placed 120 to 180 degrees apart around 
the central shaft; more than two elements are typically 
arranged in a radial pattern around the central shaft. In the 
preferred embodiments, the orientation elements are typi 
cally placed either perpendicular to the line of coaptation or 
following the line of coaptation. This may provide the most 
useful reference, however many other placement orienta 
tions may be used. 
0138 Examples of orientation elements placed perpen 
dicular to the line of coaptation are depicted in FIGS. 16 and 
17. FIG. 16 is a short axis view of the mitral valve MV with 
an orientation element 612 shown having a pair of orienta 
tion structures 613 arranged 180 degrees apart around a 
central shaft 614. The orientation element 612 is shown 
perpendicular to the line of coaptation C. Such positioning 
of the element 612 may indicate that the device is in its 
desired orientation, specific components are in a desired 
orientation, or devices or components may be oriented in 
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relation to the positioned element which may be more 
visible than other parts of the device. 

0139 FIG. 17 is a long axis view of the mitral valve MV. 
Here, a guidewire 615 with a pair of orientation propellers 
616 is shown inserted through the mitral valve MV via a 
retrograde approach. Visualization of the propellers 616 may 
allow repositioning of the guidewire 615 until the propellers 
are perpendicular to the line of coaptation C. At this point, 
a guide catheter, interventional or other tool may be tracked 
over the catheter in the desired orientation. Such tracking 
may be facilitated with the use of a keyed, notched, oval or 
similar lumen for guidance. Similarly, such orientation pro 
pellers 616 may be mounted on a guide catheter with a keyed 
lumen for guided insertion of interventional tools. 
0140) Examples of orientation elements placed along the 
line of coaptation are depicted in FIGS. 18 and 19. FIG. 18 
is a long axis view of an orientation element 620 inserted 
into the valve opening along the line of coaptation C. An end 
view shown in FIG. 19 illustrates the penetration of the 
element 620 through the valve opening and the valve leaflets 
LF sealing against the element 620. In addition, portions of 
the orientation element 620 may contact the commissures 
CM at each end of the valve opening for support and/or for 
reference. Using the position of the orientation element 620 
as a reference, the location of a variety of cardiac structures, 
particularly the valve leaflets LF, are known. In addition, if 
the position of specific components of the device are known 
in relation to the orientation elements 620, such relation may 
be used to infer the relation of those components to the 
cardiac structures. For example, if the orientation elements 
are known to be perpendicular to the graspers, positioning of 
the orientation elements in the manner described above 
would ensure that the graspers would be aligned perpen 
dicular to the line of coaptation C or in a desirable location 
to grasp the valve leaflets LF. 

0.141. In this example, the orientation element 620 is 
shown as an inflatable bladder coaxially attached to a distal 
central shaft 621. Such a bladder may be comprised of a 
compliant or noncompliant material, such as PET, PUR, 
Silicone, Chronoprene, or the like. The bladder material 
itself may be echo or fluorogenic, or it may be filled with an 
echo or fluorogenic liquid or Suitable medium, Such as 
carbon dioxide or agitated Saline. In its inflated State, it is 
preferred that the bladder is wide or thick enough to so that 
the endview of the bladder is visible in a short axis view of 
the mitral valve, as shown in FIG. 19, and that the bladder 
is long or high enough so that the anterior and posterior 
leaflets may seal against the bladder in Systole. 

0142. In addition, as shown in FIG. 20, the bladder 625 
may be supported by a frame 626. The frame 626 may be 
comprised of any suitable material, such as initinol, stainless 
steel, plastic or any combination thereof, of any consistent or 
variable flexibility, and any cross-sectional shape, such as 
round wire, hollow tube or flat ribbon. This material may be 
echo or fluorogenic or treated for such effects. In addition, 
the shape of the frame 626 may be of any suitable sym 
metrical or nonsymmetrical geometry, including but not 
limited to triangular, rectangular, circular, oblong, and single 
or multi-humped. A rectangular geometry is depicted in FIG. 
20. In addition, the frame 626 may be expandable as shown 
in FIGS. 21 A-C. In the collapsed state, FIG. 21A, the 
bladder 625 and enclosed frame 626 may be inserted 


































